Dispersion problem has always constrained the development of see-through near-eye displays with diffractive waveguide. Here, we propose a design method and optical systems for achromatic surface microstructure composed with a triple-carved-sub-grating. The triple-carved-sub-grating with specified period is designed based on rigorous coupled wave theory, corresponding to Red, Green and Blue (RGB) wavelengths, respectively, with diffraction efficiencies of ±1 st orders reach 47.5% under TE polarization. The surface microstructure with period of 18.9 m  is realized by integrating the three sub-gratings together, and it is verified numerically that the diffractive angle of RGB wavelengths is 35° and the crosstalk is less than 4.5% under the normal incidence of TE polarization, which imply the surface microstructure diffracts the certain RGB wavelengths achromatically. Via proper duplication it could be utilized as the combining optics of diffractive-waveguide near-eye display and head-up display because of its light and compact features.
INTRODUCTION
See-through near-eye display (NED) is becoming a hot topic because of its various applications in both commercial and defense market [1] [2] . By series of technical ways, researchers intend to make the NED as small and lightweight as the ordinary sunglasses [3] [4] [5] [6] . Among all those technologies, using a transparent diffractive waveguide or diffractive optical element (DOE) as the optical combiner can dramatically reduce the weight and size of NED [7] [8] [9] [10] .
However, there still exist some problems which need to be solved, in aspect of imaging, the most important one is dispersion problem resulting from DOE when the NED displays a full-color image.
Here we propose a design method to eliminate the dispersion and optical waveguide system with a surface microstructure based on rigorous coupled wave theory, which diffracts RGB light achromatically. The surface microstructure could be served as the input/output couplers in diffractive near-eye displays to solve the problem of full-color display with only one stack of planar optical waveguide, which can dramatically reduce the weight and size of NEDs.
MATERIALS AND METHODS

General scheme
A sketch of the achromatic waveguide display system is shown in Figure 1 
where
According to the theoretical equations and design flow above, we use MATLAB to build an optimization model and find the best solution by varying the ridge height d and duty cycle f of sub-gratings.
RESULTS AND DISCUSSION
In order to solve the dispersion problem in NEDs, we designed three sub-gratings based on rigorous coupled wave theory. After all the three sub-gratings are calculated separately, surface microstructure can be obtained by superimposing them together.
Finite-difference time-domain (FDTD) simulations
were performed to analyze its diffraction characters, as shown in Figure 4 . The real part of near-field distribution is shown in Figure 5a , 5c, and 5e. Since the microstructure is designed for NEDs, by implementing Fourier transform of the near-field distribution, we can obtain its far-field distribution, which is shown in Figure 5b , 5d, and 5f. In figure 5b , 5d, and 5f, the far-field distribution suggested that the far-field intensity of p polarization is almost zero and the diffraction angle of RGB bands is still 35° as desired. While for the red and blue bands, there exist weak diffraction crosstalk at 11° and 72.9° (see the black solid circle in Figure 5b and 5f) for s polarization, but the main intensity is still concentrated at the diffraction angle of 35°.
The simulation results showed that achromatic diffraction is realized by this microstructure. Comparing
